Motivations of Research
• For large number of sensors, there exist a vast number of possible arrays
• Need to incorporate increased number of sensors to improve resolution -for instance, to separate rear tire noise from exhaust noise
• Need different resolutions in x-and z-directions and specific frequency range of interest for standard vehicle passby tests --10 to 10 m in x-direction and 0 to 2 m in z-direction are observed -500 to 2000 Hz
Objectives
• Develop an efficient 2D-array design method to maximize the visualization capability given a number of sensors • Sparse arrays can be used to obtain similar mainlobe width.
but yields higher sidelobe levels aperture size maintained
• Sparse arrays: Sensors are not placed at all of the underlying grid locations of an aperture.
Co-array
• Continuous form of autocorrelation function:
• Discrete form:
-estimate of power spectrum of stationary random field, is smoothed by the Fourier Transform of
-that is why mainlobe width remained almost the same as long as the aperture size remained unchanged
• For grid size of N and M # of sensor, total # of possible array configurations is N-2 C M-2 (with two sensors fixed at both ends of the aperture).
• Maximum sidelobe levels differ for each array configuration.
• For linear arrays with M =< 4 and associated N (= M(M-1)/2+1), there exist non-redundant arrays with no-gaps in the co-array, which coincide with the array with lowest # of redundancies.
• For arbitrary numbers of N and M , there is no known method to directly solve the "best" array with the lowest maximum sidelobe level in the group of possible array configurations , and correlation btwn # of redundancies & maximum sidelobe levels unknown. 
M=4,
"Under packed" : N-1 greater than # of possible baselines
Correlation btwn # of Redundancies & Sidelobe Levels

M=5,
Roughly, low # of redundancies yields better sidelobe level reductions.
Summary
• When under-packed, the array with the lowest maximum sidelobe level is in the array groups with the lowest # of redundancies.
• Some arrays in the group has higher maximum sidelobe levels.
(1) M sensors are placed on the given grid, and the number of redundancies is computed. (2) a list of a number of best array configurations is maintained based on the # of redundancies. (3) repeat step (1) and (2) to test as many array configurations as possible. (4) compute the powers of the arrays in the list and select the best array (for example by inspection).
A "good" array design method maximizes the chance to "hit" an array configuration with low redundancies in step (1), among the large number of candidate configurations.
Design Strategy
Elliptically Spiral Array Design Method : 2 pi to 6 pi (85 increments)
